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1 L T £ ±§-£c0^x ^^-(iHJ? WfcW t T « 

X"% h b^Ltz. 02 5 ^SM B B B WSr 9 5 0°CT 1 mm 
( a ) *j XVO . 5B#PhT ( b ) SftLfcWHOSH^ 
02 4 fc: i 0 . 9 liSI»z>SMfcT£ 
J^4Sfl5ftlI<DJP3f4*lr3 OumX'foZ,, SS-)t, N 
H 3 #^lft(:J:^MoIfflio^l(;lLT (2) 

^ftftKn^j&ft^-* fc # i: . 9 5 o °c , i mm 
a *v o . 5 Bsra<oaftc^rtw-4ffifl:«Mi<o*s 

# l n#ia ( a ) <z>*a#a8fc LT^W"C^t»»fc^5 
•y^^^&mWsb^iX^^zML. 0. 5B#PbT (b ) T 

\±mm^9y -y9<^mmm^^ti^. m^x, rn.it 
mmcommizx § Moi«i«ftii? 7 «/ 

[004 5] 02 6te9BSIHfiHfc*r < a ) , HSfflflHfc 
$f ( b ) fcilXO . 5mmMiUt ( c ) WilWXRD 

rt9—y&j$t. 9mmmm (a) fcivmisa-fk 

W (b ) co^HSiir-Mo2 NT*>40>fc*tU 0. 

smmmm < c > Tii^-r^tcrffiwH^i^n^^ 

TV^4^rrt^*tflS^*i»T*-6. 02 6 ( c ) T" 

m o co nttfffssj&*igg> ^fii. o«4 , mo miummcom § #* 
»v^«>t&&. 0. 3mmmtmzaux9^-y9cr> 

3§rtt>ix&rf. 0HtHz3t3zt& {011} SUfctioT 
[0046]S4(I9 «SIH»fl5lsfi3.£tf 0 . 5 B^IMC 
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l27C*I€Mo# (a) s NH 3 9 5 0 "CT" 

9^1 ( b ) fcivo . 5mm ( c ) mm^i 5%m, 
m*xem&mmcDhmzw^z>« mimmzmmt 
xwimm < -th z t iz x *> x 9 >y 9 

0. 5SFraa^woJSf^JK{49B#paa^w 

t0#!)3^1 (Mo<0ft6 04^01 ) StfiTL, S-ft, 

10 0. 5B«aia^<^^jP5idJii*^T^<3&ft 

* ft 9r<, /3-M02 Nffit9i^HlS-ft:«cDrfflPI«flWi 

T W^^itff L T \ \& Z t & MSP h o 
[0047] 02 8fc7 5%Bmmt*¥X*5 BP^WAtrC 
ifeSrfi 1 ofe 0 . 5 ■ms^<^Ha*£mtireft£ 

m±m<vo . 5 mmm.-\tmz\i9 ~> v9mm^> 
ti&wtm, (02 5 (b> ) s m&9bnwm*&M 

hzttfim^t^^fz. mo miummm 5 1 ^ t« 

fiMWffiSSfti^ MS i:*fflv ^ 5 >y 9 tfUMOliP 6 

m^x. c\tL^co9^v9tim$mM*\,zmAzmLL 
tzm$k. mtm±MA {zm-mrnxmrnm^fLtzb^ 

mt}m&Mti$:?t±-t&z\bfr£<%}t>iiX^&« Z?) 

30 [0 048] 9 7>v9<7)3%±$:m\^~&Bm 

X\ ilM o a-ft^S ^ N H3 ^'XPf9 5 0"C. 0. 5 

iflji^-iifctBj&tt:, n 2 ^xtf8oo°cT'coa-fi: 

ZcoiMb LXNztfXtp 8 0 0°C, 480$ 
^aftL7 i iM^affl<7)XRD^°^->'Sr02 9Ci 
-To Mot^-ft;@f/ft.°— ^<50fit/3-Mo2 N CO miff f 
- ^ *^HMCtW(ES*l. . 0 . 5-l//miIi: JtM 
§^I*Tll<^-Mo2 Nco^*^nt$tLTV» 

40 *02 7tC5^-. icO0ti9. Na ^'X4i8 0 0°Cl 
-ftWcOlS^aSti 0 . 0 2mm/yr*"5, NHs JfX 
4^9 5 0°C, 0. 5l§iaafWj:Ofc3RBWfc»fttt3&* 

[sj±lt, 7 5%mmmm^x'i>m-m^^-tc\b 
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H3 o iz&mmjs&m^mm&x-nm&mL*^ 

■9; T a , N b , Z r (4£*rC&#*WJfctt**'* 
[ 0 0 5 0 ] 03 1 CMMo ( a ) *3j:T/9 5 0°CT\ 

9^oa-fb#^tf-5^i*ff (b) w«at*i(tftWK 

+T<7)Jif:fe3SJg£Sr?\ MM o ( a ) {403 OlZ^-tfa 

iftft 5 0 %#3at-ffi^:S:^-f - . o j&ff&iar^itA 
VSUk&ft-ot&M (b) ffiftJ4ttMoi:|^« 

x-hhifi. io%—5o%c)mmmi,zi5i,i-hm^m)S. 

mo. 3 3mm/y~2 4 0mm/y)(iMMo (ift 
3 mm/ 10* mm/y) i 9 fc— firGLh/JvSV^ fctf 
. 9 Bffl<?MBfl5H"CliH 2 2 tSr^-i 3 ? >y 
LT*S 9.^7 v90)99BlgKM o **JIWfeS*i. 
£ £ i: £#JtTT £ LMo SflMaJJI £&KMgg|Rfc: 
ttfcofc/hS^i:*;*.^*.*. 032^-T 
9 BtPaogltW^O 5 0 %5ffig^ TOWA|f)fl:0 SEM? 

auo. Momikmmi>3mmizmi£ZtLX^&zt& 

hfrh mm (b) ) . M-oX, IBIfcJHN&MofiMfc 

fc. 03 3 ^#a#JROJMK^S*T-O^MJKOj:b^ 
*jjr$-. Ta, W. Mo. Zrll ffiWO&RfcJtKU 
■WfettfcWrO**. H3 4tC*fiMkMo»fcNH8 # 

X(f9 5 or;-c9i^iai<?3flMtWHo3 5%mmm*x* 
(Dm-Mmmcoim^'t. zvmati±ffi& (02 3, 

24. 2 5. 2 6 ) COiuKmmmmiZ J3 -Mo 2 Nffl# 
ffcRWJ^JBjfcfO**. 03 4 4 9. *aikMofa<4 
: 0 . 0 0 5 9 mm/y hffifx^W^ttSr^L 
X ^ & jS\ SffctfJi £ OMolfiH ftBfcWfcttaW 
±LTV^if:3&«fc*»4. oil SWfc*f0>«WfeaLttti 
0. 0 0 1 1 mm/y J:*!^! o 1 / 5 4 T'S 

& L . Sf £ fc aWiS § fife . 

[0052] MoMflor^* UfflSSTO 

KUfcfr^fc. tt*<0 1W£03 5 teiST. 03 5f4ifc 
IftMoStNHs #X4>9 5 0T3. 9^M-ftLfcW* 



io **Lfct><o-e*4. 5feffifl:Mo»t)jiwaaLKo. oo 

2 Omm/y t^WJfettS^f A« s afHTOTIlW* 
MliO. 00 15mm/y^L, *IftMoffJ:0 

[0 0 53] (H®*M3 ) 03 6£M-fkLrt>*fiMo 

( a ) £it/M o - 1 . 0 T i ( b ) cOffilfflcO^ 

; s ©fftSr ff -5 ft: . v vffuoiSBtcfc v t> ^ffitcJSS 

20 (036(a)) "CliflHSMfcBrtl J; 0 PiMiomMcoffl 
mVmizM <, ^j6*B» 6 *v5r l*Z>£** L . M o - 1 . 0 T 

i -^#03 6(b) x-izmmmimmi. 9 ft&oMmco 
mm^m^zm^^m^mm^ti^ . mmmmmt 
»m t <&nmfrt>&2 o o ^ m s . ma; 

3fe«fcffiffcS*i.l(MliKrT i S^ftS^^f^Wm Lft 

wasafiawiT&s. mo-i. ot 
30 itmmiz? ? -y^am^mm^ivrz. 037 ta^L 

ftMM o (a) fcMo-O. 5Ti (b) £tf M o - 

1 . ot i ( c ) ^commcom^^^-t. *ha> 

fe^?^80/xm4t«SSSi« (Hv~l 70 
0 ) (40 3 0 t^L^M o 2 N^HMt^Jl (C*f)£-r 
Mo-TiMiSHfcUfc«#( (b) , 

(c> > , mmm.ftmmco-t<ftw^ kmo^c 

ftJ-i^® § <4 . ^HS-fk^JiitTtli H v # 8 0 0 — 9 
8 0<7)ft^fflSr^L. ^iSPtlftl^T^^fcMi^-f"^^ F^I 

40 wMitMiHxcom^^m±mmo-o. sn^x- 

Hv-800, Mo-1. 0TiMtHv~980t 

«i4fw^T i mmm-^mkinz ± s t, « t 

[0054] S'F^MRfc: ilMo ^Atf35S-fttoc 
{4. ^fy-fy)VTuA (MA) StJ:-5TT i Cfi 

§{4H v— 5 0 0 Sr^-f^V ic?0fIt{4T i Cfif ( 1 
wt%) \iZkhmnztwz_X, MAtJ:4jDXBMkS# 
50 ^V^ft. ^tLtcMt. i^BJ!TV)^g|5aiMT-05e 
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[ 0 0 5 5 ] 03 8fcS-fl:L/tMo-0 . 5Ti (a) 

fcit/Mo- 1 . oti ( b ) ^co^mmtm^za 
^xm%tfm±t%:hm^ (Mo-o. 5TiTi±^s 

0//m, Mo-1. OTi X'iW} 130^m) X^M^ 
^WfflMo« [001] ^fTT'&S o ^±ft (Mfe^) 

ft) &^mftWtft& Lx^&m z f-&wmi l z®mztL& . 
zti^<r)T i iWifi»w o en { i o o } a 

1M X(ifg^2 — 4 nm. ff$*«jO . 4 5 n mCDffitoT 

(tin) x*%>hb3§>z-htih<, ^z\xm&mcr>m%ifo 

0. 4 5nmli, T i NCO 1 -y h*DVC0±% § (a 
tin=0. 424nm)ti5L i»«^0f¥^<^ 20 

J&^l^ it, Mo-0. 5Ti ( a ) fcJt^T i 
McO^M o - 1 . OTi ^rA: ( b ) CO^jttmHM^-CO 

mwkttLtz®BMT i miWiwftWM&vmmx 
[oo56]039 {znmm.imn^w.Ltzm^'m^ 

HR-TEMfl (a) £ XXf^^M?- V xSHft ( I F 
FT) ft (b) fcjj**-. Ii£M(i:H3 2h|s]«Hc (00 
1 ) mX fo *) , #ffit0 ( 1 1 0 ) ffl*J «t V ( 1 - 1 0 ) 30 
H<0fgT«jl;i T ^4 . El 3 9 ( a ) * t "CSS t 
^£&*LTffi7-yx£3a£frofc« (b) X1±, ff 

£>)fx4 . lOTi N&^'#ffiM o ( b c c ) CO { 1 0 

= 0. 314 [nm] , a T i n = 0. 424 [nm] 40 

fttiX7^ -y h^3r<3:4:£rfiW 

[00 57] 
[»4] 

C100 > Mo X/ C100) TIN < 4 > 
[00 58] 

[100] Mq // [100] TiN (5) 
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£ Oiflti ? — F e ( b c c ) XCDffiltimcDig>-£ 

-tv^ 4 ^(Backer- 
Nutting) £ 
^fiMfSiiM o - T i 1 3 0 0*CT" 

[00 59] T i NjW^fc^£SE£tt*«-M:#6 

3* (6) , (7) fc^i&ft.*. 
[0060] 
[»6] 

5D = d2 <200)TiN /s l <6) 

[006 1] 
[»7] 

d t = d2 C200)TiN /fi 2 C7) 

^^T'£l = |d(220)Mo— d(200)TiN 
K £2 = |d(200)Mo— d(200)TiN I 

tibS.Iot, ±Std( 2 0 0 )Mo=0. 15n 

rru d(220)Mo=0. 2 2 2 n m. d 

(2oo) t i n — 0 . 21 2 nm£ftAL"Cfttt£?T 

[0062] 
[1*8] 

jgg D~4. 5 [nm] (8) 

[0063] 
[»9] 

t~0. 45 [nm] (9) 

Xi±mi^<7)j;-3 tfiltf2 — 4 nm. f§0. 4 5nm? 

^D. icoSSffifi^ (6.7) offJM6i:H0M9:L 
T^l..ffi-)t, 11 0 0'CT-HlLL^±i^-c7)rtgpa{t 
JWl^J-CIi. J¥§ 1 7l*(0. 4 2 4 n m ) <7)T i 

[0064] IjtUcMo-1. 0T i^^^Trt 
SPS^rt^a^O^^T'^Wtii^mffl^SrT E M 
izX OififflfWKtfc. «^«Aftttri*dJ±firiT^>»^fc 

H3 8|5l«#fflM o [001] fcffffti, EI4 1 
(a). ( b ) s (c)liMo-l. OTi ^COMt4 

^Hj&*S><9»3 d^'-?-ix-? f ixd= 1 3 0//m, 
(-980) c^fia. ^ralW^ffi (-700 ) i Xi&'J? 

Ltz&m. zLxmfflcomtzmm (—3 1 0 > 
tz. m-ox, mzcommmw4 1 <b > . ( c ) 
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B»T i tfifzfrtc *) Jffct h k BJbti & . 
[00 6 51141 <3TEM«S&<a^fltj&»6H£L!fcT 
i NWffiWS^O^^BWJt^T^TS ( N ) fc®SO_L# 
l(AHv) £<5D|lBfi£04 2&fct. ::tAHvti 
#SSW«§H vfffiMoWl? (Hv) 



[00 66] 
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4 i: , ( f ) (i#fflO*W ( V K S^F* 

#5 ( r ) feitf-e^+fc-^iiiStt^iafiHk ( n ) £ 

[0068] 

mi 2] 

(12) 



f = n r 3 /V = r 3 N 



H4 1 wTEMaaFcwrtaRfflftWrt-cwaj*^^ x 

4 . £ Oi§^r f 4: N coBKcac^) «£ a £Nffi£ft& . 
[00 69] 
[113] 

f=~N (13) 

S(13) fcsS (11) <£ 9 s AHv*iT i NffttJ^S 

[00 70] 
[114] 



AHv« f 
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««i5C (14) fcjjrt J: 3 fc, T i Nfi^f^flsftft* 
[00 7 1 ] SfcfcJ:oT*2fflj^ffiT£*^>»rt: 



1 8 



=F^mz X h TkAMmmcoMis . HKWC a h v Idflf 
•Cft4&t*i.fett*if:i:. S(14) OAHvfc f 

1 1 2 t cora«ojt«^ & t iioo -croi 

^AMmmX'fo h b ¥WrS ft* . 

10 [0072] ltflBT'BJ0flL/2: J: 3 fc, Mo-Ti 

NHs tfx^fflivta-ftf 4 2;, flffiMoffiftMJ; 0 

^^ii^ffia-fk^fflirr-c^ffi^^L. pottos 

{i. Mo-0. 5TiMTHv-800, Mo-1. 
0 T i ^t'H v - 9 8 0 , X'fo *) s T i McO^vfrj&J 

[0073] 

20 [HJfi^J] »5ttf&AT'fft£LfcM o - 0 . 5 w t %T i 
^£<rc*TO£fflEU flJWUiftlMKiBB ( 2mmX 1 
mmX2 5mm) SrlatmONHs ^M+t^ 5 
O'CTO. 5Wf^S-fbL!^W. JPS7/xmCO/3-Mo2 

^ t ;W*^«8E(4Hv-8 0 0tfcofc. WMo 
c05f ^JiH v - 2 0 0 Xfo 4 . 
[0074] 

[WMcom^] i<05WBliMoXliMo*^A*7 0 0 
30 °C~ 115 O'C^HMffiTO . 2 Bf f§J~ 10 0 B#F^M 
JIU fHlICMoz NJgO. 5jum~l Ojumfgft 

L<|ft|±U KAtttBfcfc^-CTatifcEL, Ta« 
[HI ] MM oh. Mo -0. 5Ti^MH00 s C 

X" 1 6 m^M-ik t tz mmco^ffico xRD^-yj 

40 [!2]Mo-Ti^M(a) 600t-(f) 11 

oo°e?\ i 6b#Pb1n 2 tfxmimmLfzmmmmizte 

[03] (a) Mo-0. 5T i 1 1 0 CCT4 

( b ) lilt < 1 6B#raa-ftMSL/-cBffflO^«ffl«0)t 

[14] Mo-0. 5Ti ^ikCDmWMlk^mvMZ 
t , »ffcii#IHfc <0W«*^^9 7 . 

[05] Mo-0. 5Ti ^S^MJIfc^L. tSm>ff 
50 $36^6fl:L*VvUaB^3irr^57. 
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[06]*EMo (a) Mo-0. 5Ti (b) hfO 

mm* 1 1 o o°c?-i emfflmmx&Ltzmoimtft 

[07]i£Mo, /S-Mo2 N&^r-Moz NfOMfi 
£110 0°CT*1 6 B^ISft^I LOOSES d= 0 

( a ) ~d = s o ( f ) tztsif&munm&jxt?5 

y» 

[08] X»EI^!^<9^fcMoSfl^««?ffiR<0» 

a^ft^-r^?. 

[09] 1 6B?HfflffiftLfc*fiMofc:oV^-C<0X|R|Hl*f<0 
«MR*»A>SW>fcMoafl3»IW«lifc (c/a) Sr^fT'^ 

[010] (a)r-Mo 2 NOfSftfS jawftSH. 

(b) /3-MG2 N^S B B H ffijt^)«^0. 

[011] Mo-0. 5 T i ^<7) 1 6 H#0£ft LfcSC 

iii2] Mosno o°c-e 1 emrsMikLfzMcom 

[013] ( a ) 0 1 20>|#Btf) [100] AltOMtf 

0. 

( b ) 0 1 2cr>i&m<7) [211] AItOJPMff0« 

[014] ^®lioftJ* s 2ii*s;^*t 

0. 

[015] ( a ) m.=Fwm*mam&&*> ttm. 
[01 6] mm 5 57jmvm&Lti0#cr>&mm(?>& 

[01 7] 01 6*3l#lf Lfcitt7-i;xSEBl«Ts ± 

[018] (a) 01 6tfD^**g|S#tfLfc«0>a!7 

(b ) 01 5£0 ( b ) 0 O 

[019] W^ISitSMOflStftia. 

[02 0] #BAKtf5WiftflEt*^EI. 

[02 1] Mo-0. 5TiM*NHs #Xftt9 5 
0 "CT 9 B#r B 1Sft#KI tfclRWjft«8Sffll*t=tSJt4 SWfe 
W»tt!rftO*ffi«ASHB«^ S E M^ftT£> o T , 

(a) imWtm&40%, (b)(±6 0%. (c)«7 

[02 2 ] 9 5 0°C, 9B^^Lfc«fl^»KR<t' 
[02 3] (a) 10mm^ffflT'9 5 0t;. 9B§RgM 

( b ) SftffitSfeftfcfr^fc&W^^iBO&Sffl 
[02 4] Mo-0. 5Ti^SrNHs #X>f)T'9 5 
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[025] ( a ) m^&MZ 9 50 °CT 1 vmSHtLO. 
< b ) mUSM* 9 5 0°CT3 O^HHfflftbfctSBOii 
[02 6] (a) 9B#raSftW. 

(b) mwagftw. 

( c ) 3 0ffiffl. JJB«SI«XRD^?-yS 

10 

[02 7] iMo^HL *gftfcfeitl.WA3$E^^ 

[028] 75 %im%m*x* 5 a iawAijC«*tf o 
fc, 3 o^^aft#coi*^iftffi^^«*liS«o^W^ 

[02 9] MM o £ 8 0 0°CT"4 S^Na jfAfpTM 

imm l iswsffl t *j ft s x r d n ? - >■ s ^f-0 . 
[030] ^««M*#M^)»5ii«^-r-w^MS^ 

20 [03 1] po (a) fc, 9B#ISSft^ffl£fTo7tM 

o 2 n ( b ) brtrntizm-sm-teftm?'??. 
[032] Mo 2 n ( 9n§r B iaft^i) <7)5o%mm^iz 

telf&m-Mm ( a ) t s W&ftf ( b ) <9&JR^ffi<7D S E 

[033] 7 5%mmmm^TCDm±m&^^'t^ 

y. 

[034] 3 5%»WK»tf>T<oaweME**^-^5 

y. 

[035] 2 0%#Kft-J- h 'J ^A#tNOW:fcaLK*jS 
30 t^77, 

[03 6] SsfcMo (a) L Mo-0. 5T 

( b ) <D±mmm<nmmmm&, 

[03 7] SftLJtSEMo (a) , Mo-0. 5Ti^ 
t(b), Mo-1. OTiM(c) CM ZfrlbZ^ 

•m 

[03 8] IftLtMMo-O. 5Ti^(a) 
Mo-1. OTiM (b) tfMBSjWfb^fcsfirftSS-C 

[03 9] ffiftJfP«Jfc4MftLfcWaj«I<»5HR-TEMfl| 

40 (a) st«r7-yxssi ( i fft) a (b) ^^-r 

[04 0 ] T i NfiW^Mofflifctfffit-i*^) 
Sr^-f-0. 

[04 1] Mo-1. OTi ^COM^ffl^^^S 
d^ix^ixd= 1 3 Ojum ( a ) , d = 2 2 5,um 
(b) s d = 300/tm (c) T E MS£#?0:£: 

[04 2 ] 04 1 o^R^A>aysL^T i Nffi&mm.=F 

50 0**a?itNk«3c?)±#M (AHv) fceoBWRfcSjH- 
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